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imm 1 ] u 3 ymnx-m^^ tvtzm i ssi 
t . mm 1 mm^mmm'UK.m txm^^ tir^ 

TaaOj. BST, SrTi 
O3. PbTiOs. PZT, PLZT. Y2O3. CeO 
2, Nbj05, TiOj. Zr02, HfOj. SiOj. 
s i Nfcitxs i 3N4*^(i>^rSSIJ; OSiR^ttS l tf.i 

{i2 ja±J: o^s c b imtt^msm i (wiesico^ 
2W±j:o«i.*\ tfdmiiyv^ymm^x*)ti:m 
[msm4i msi^miiA k n i , co. c u. 

Mo. Rh. Pd. Sn. Au. Pt. RufcilXl r 

i. TiN. Ti AIN. TaN. Ti SiN. WN, 

WB N . c o s i fc j:im*><i>^sif i 'omm^tix^ 

0. fra^ttigflllUiRuOa, RhOzfcil^I rO 

imme] mmmmni^oaymm. i-u^ 

immi] mmmmm^mmmmizxm^ 

tnmztmcr)^mim^. 
m^m] mm'i'mm^mii-^y^'^-izKm 
xb^^-'jyf^/fxb ifmmi^-tiijm'hizb ^ 
mb thmm 7 iztmco^^fm^^. 
imi^m9] i^o^ymnxiism^iifz^^^'^'^i^ 
c^T^nmb. mtiT^mm±izRm^md:mLx 
m^^titm^Hifs^b. mtmmwfsinzm^^titz. 
mi'^o^ym'sx'mis.^titzTmmx *)mm. 

mbtimm^. 

mm 1 0 } mmiM^mii^m. mmj^m^^ 

{S2feU:J:0«l.*\ ttzli'^V^yThmm'Oii-m 

m^:k^\,^mmbTMmi3^\'-^yi^^tit:^oi^o 



•:iymbi}^mm&^fif^=Mxsixt>i>zbi:mib'r 

mm 9 izMm<7)mm^. 

[11*^11] m^T^mm±izmiT^mM(7)mm 

im.mt^-txmim,mm^^:mizti>^m 

mm^^tLx^j:h z b i:mbtimTS9tt:it 

loizmo^m'f. 

imm 1 2 ] fries^Mi V y 3 ymm. u 

aymmxiiztit>m^mxi>^zbi:mb^i 

mm 1 1 iz^co^mm^. 

mm 1 3 ] mimwmm^mm^mizi m 

^^ixfzmx'hh^bimLb^hmm9-i2<r)\\ 

■ftiti- 1 m<<zm,<r)^^m^. 

immiAi mm=fmmmmt^^yf<i-^zm 

ax b>^- -yy^iix b ^md^m^-fh-H'&X'hh z b 

^mbtmmi3izMm(om»m^. 

(is^i 5] i^o^ym^b. Mei^yny««Ui 

izRgmt:m!f:mLxm&^titiy- htmmb . m 

ley- hw.mm±.izm^wzmm'y u 3 ymmx oft 

imm 1 6 ] mzy- h«stMEK. iSfit^i^ii 

<{42J.Xhi:0^.&*\ t;t«>-Uayi^^i!iWJ:Oft* 

•tmm 1 5 {:iBSi«7)i|£^ft^^ , 

mm 17] mlB V U 3 y»lS±(cffi2v- 'J n 

mi5t 1 6 iztmcTy^m^F. 
[mm 1 8 ] mii^^mni^v 3 ygt^tis. u 
3 ymimxiiztii^in^-^igixhhz b imsib-r^ 
mm 1 7 tiea<o^^«c^^ . 

1 9 ] Itftey- h^li(iEi^S^«ffitc J: 
0J^J«$n?t:M-C^il.^fc&^i:-f*ll3J«l 5-1 

[18^2 0 ] mimmMmmiii--c y^'^-izKm 
ax b i^y^ax b m<!Kmikt&:^mxi>h z b 
t:imbtmmi 9i,zm,<7)mm^. 
[11^2 1] m^mnsLUzi^v^ymn-m^ 
^titzf^ 1 ^m^-tm^b , BiiiE^ 1 nm±iz. 
Kmmd:mixm^mmm-hmb, mm 
mwfSiHz^ msii^v^ymnxm^^tLfzf^im 
mx 'oitwmifiizt m2mmm-imb 

mm2 2 ] Mim.miiTJi'i-^mm, 

T)l$.=.'yM,Jmit^. TaaOs, BST, SrTiO 
3, PbTiOa, PZT, PLZT, Y2O3. Ce 
O2, NbzOj. TiOj. Zr02, Hf02, Si 

02. s itinxx/s i3N,i3^t^^j:mx'0MmtLh 
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ii2a±Xmhi)\ tt:iiz^V^ymmX'Oit^ 

mm2 1 tfcii2 2izsmff)^^i^m^<mkij 
a. 

[19^5824] f^^m^JiAl, Ni, Co, c 

Mo, Rh, Pd, Sn, Au, Pt, RuHXl/ 

I ri)-h^j:mx ^mm^tixm. mimm^mm 

{iTi, TiN. TiAlN, TaN. TiSiN^W 
N. WBN, Cos i*3j;tXW)&>4>^:SSJ:03i8?$<l 

xm'o. H(ife^«tti!^i:ii{4Ru02. Rho^fcit/i 

2 3 iz^(o^m'F<omtfim. 
m^m 5 ] itnen i mm^m^-t^m^k. mi 
m 1 mm±izmmmmmm^%:mmzt^^^m 
t:^i^izm^tizt^mLtthm^m2 1^24^0 

1 mzMm(D^m^'<7ymijm. 
im^me] mi^^mn^o^ymm. yu 
ay^^mxi±zti^<7m^mx't>i ; t imktt^ 
m^2 5izMm<o^m'i'(omijm. 
inm 2 7 ] mmmmm^mmmmizx m 

i t mwihtmim2 1 2 6<ov^m*» 

tii*3S2 8} mm.=fmwMm,i^^yf^-^zm 

i:mLb'tm^m2 7izimffmiwm'f(m^i] 

a. 

m^i-?>:it^:mbt&mm2 i'^28<o\^iix 

*^ 1 mizMmc^^mwrn^c^wM-m. 

sapgt, mEmni^m±.iz. ^^o^ymnx-m^^ 
\i2&±T$>it)K tfzii'^v^ymmi:*)mm. 

yli^ *mm§ii^^Z«liT'J)l. C i: iimtth 

. fS^^B o(ciem«7)^@#Si^<oSJJi:fr^. 
[»*a3 2 ] n^T^mmi:mm-i>mtk. ma 
T^mm±^zmmr^w^mim:>i(.^it^itxmm 
mf^m^i^mzth^Mmmm-i ztm 



mtthm^sotfziis 1 izsm<r>mm'F<^m 

ii^]i3 2 izim<7)^mim^comtijm. 

m-^^bt:mmt-r^m^m3 o-3.30)\,^-mi)^i 
mt,zimcr)^wm^(7)mifm. 

[fS^fl 3 5 ] |fnBiI^«^«a(i^-v yA'-icRi5 

t:mkk •t&mm3 a {zwm^m=?-(n^^ 

9mi:-t?>:Lb^mLt-ti>m^m3 0^3 5<^\^ni 

i}^imizmm<7)^i^m^<Dwmijm. 

Lxy-htmmmmtmb. mty-hwmm 
mmm-hmb sr^tf ; t ^'mb-t&^^im^ 
[mm3 8 ] imy- hmm^i^^mm. ^sm^^m 

^ifi:kB\<^mm^bT-mmi}^ k- try:j^§/i;^.-Ky ^ u 

3 yfRb ifimm^htzzmmThh^ b t:'mbi- 

hmm3 7izMmcomm^mmjim. 
imm3 9] miy-y-mimm^t^mz. m 
ii-yvaym^wii^it^^xmsiy- hmmm 
m^^izi-i$cmitmmm-& i b ^mb-tm 
^m3 7t fzii 3 8 tzmmcri^m^mmm. 
[if*«4 0 ] fl?i2ss«4£^ u 3 ymm. 
3 yM^i:iixJiiix^.<oa^ii-es>s i b ^mLb-ti 
mm3 9 izm<7)^m=f-<omm, 
m^m4 1 ] mmy- hm^mnm^mmmmizx 
*)m^thzb^mLbtm^m3 7^4 om^-tii 
1 miz§mcr)^m=f-<r>mkijm, 
[11^4 2] tmy-himmimm-isim. 
m>m^ti>^bmwLb-thm^m3 7^4 i<D\.^ 
iixi}nmizm,<7)^mm=F<r>m-jjm. 

[00011 

mb ixmtm. mm.m (^^m^'^mm 

ifmizmti. 

[0002] 

immm -^iz. ^m^fHT^m^b^^m 
mbcr>mzmmmm^^titmmi:^A.x'\'^^. m 
Hi. T^^immwii^tzfy v 3 ym±izmm 
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too 0 3] tz^x\ mi±.mmtrwimmt<7)m 

Hi. hyyjx^mE^mmma^mmmtiz 
^^'^-^^i^x'immwmmm.izx*) 

[ 0 0 0 4 ] ifttc. ^^^"ii^^imtzis^^xitimm 
i-\^4iv>'Vaym^Tmmmiz-riijm'. mmmifi 

m^i'^i^y^/l^m^m (TajOj) ^BST^ (BaSr 

T i 03 ) ^iMfti^fc ixmrnt^i^mtm^^ixx 

V^l,. U^t. :?y^;H!^l:^ .(Ta2 05)^BSTM 
( B a S r T i O3 ) fc V^o^igi^m*M$-«gffl-rS« 

oy^:mmttxmL. ^yi'jumtmimmi^mt 
ixmmi-tt. ytiVi^o^y'mkmm,i¥i!^t(om 
i^z'^^j^ymmm^^ii^^'f^i^i^yxti&T-ti 
mmii^h'o. i^v^y^mmtixmrnt. bst 
f^mmmtixmmtik. mtimm^z^^'^^ 
ifif> *) . ztit^(o^(izn^-rit:it>iziimm<rmmt: 

[00051 ^zx\ mk(r)h^i,zit'<^xxiomifz^& 
&m^^^^mi¥m^ii^^i^ii>tLX\.^tz. mm. 

mmt:TmmmtLxmtim^iz. ztitTOi. 
izmmmm(r>mmii: [^±^-ti^mim^tfiSib 
t^ixx\'^rz. 

[0006] 

ymmr^mmt ixmrntm. mmmmc^m 
mmm±^mi>mm=Fimi-h;itizh 

[ 0 0 0 7 ] X, ifwncrmmmmm^j:mi^mw 

[0008] 

mimmt. miminm.^zmsi^^md:mmxm 
^^iifzi^mt. mm^i¥m±.izm^^tvk. m 
ii'>oaym'^x'm^wzmi^x *)mmm< 

ti<mmifiiz^\'^mmm^th ztizx<o. ism* 
mmmi\iii±^^i^tL. ^^^•<i^mm.x'ii^^ 

[0009] mm^mii7)u^::^^Amtm. 



^~^Kim\m. TajOs. bst, SrTiOa, 
PbTiOs, PZT, PLZT, Y2O3, CeOj, N 
bzOg. TiOj, Zr02. HfOj, SiOj. SiN 

[0010] mi3^2WS&t^^. iiSt^i^SJK^ J: 
[00 111 frie^mntiAr. ni. co, cu, m 

0, Rh. Pd, Sn, Au, Pt. Rufcitf I r*» 

1. TiN. Ti Al N. TaN. Ti Si N, WN, 
WBN, CoSit3<i:tW*»<i>^SSfJ:0Stl?$nTfiK 
0. fne^mttHflilSJiRuOj, RhOatJitXI rO 

[00121 mflBH 1 «li±tfri2m 1 «flic7)^ffi^JS 

[00131 linas^wii^ y 3 ywm. u a y 

[0014] mwi%.^^tmmmmm,zi mm 

[00151 mmfmwm!,t'i-^yf<>-\.zwmiix 
h^^-vy^iiT.h^W'mm-h-^i'^x'hh^hm 

[0016] tfdmm.. ^^wsi±j,zi^')^v^ 

^wmmixJtm 1 %m^%m-hw^>:. . mz^ 1 

it^m 1 mffii Oft^raiS*^:^^ v^||2^^JgB!t-rs 

[00171 t^m%wmrr)v\-^2^mm. 7)i 

^-^ATkmm. TaaOs, BST, SrTiOa, 
PbTiOa. PZT, PLZT. Y2O3, CeOz. N 
bzOj, TiOj, ZrOj, Hf O2. Si02. SiN 

[0018] mm2nmii^m. 
i^^tti^mmmtitzzMmi'hh^bmt 

[00191 mi-kBMil^ l,Ni,Co,Cu,M 

0, Rh, Pd, Sn, Au, Pt, RniiXUl rt" 

1, TiN, TiAl'N, TaN, Ti SiN, WN, 
WBN, CoSihi.XPNt^hti:mX^mtSi.^tlX^ 
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c 0 0 2 0 ] miem 1 nmrnm-mmk. mum i 

10 0 2 2] mi.m^mim'Fmmmmizx mm 
[00231 ma^^mmmmiif-r yj^-\,zws£i^y^ 

[00241 m§immmi:mm-mvm. mtum 
[ 0 0 2 5 ] ^rfc. iMmm^^^f-^i^i'izmmtht 

ify-hWMizgL*)m. 

[00261 

m<^^^im=Fii . i^va yrninx-m&^tifzm i « 
mt. mmimmLiz^mmixmti^ixm^^ti 
timmt. mmmmi-izm^^tit:. imi^^j 

TS15Sfli*«l5iBmimfiilcMlGL. ^^^'«i^:J'<0±SI5« 

®*«tiriBSg 2 mffi t^itie-r s .ttz. vvy=jx^t,zm 
b^is**iuie^«*]S{c, y-hSffi*<Bui2ii2m 
[ 0 0 2 7 ] m \t^wm^m=i-m i cosimj^ 

[00 28] llltt3V^•C{i^^>'^•S^:J'tiJt^^■rS* 

yi>x9^j:m<r)^wm=f\,zi:,m-^ms:Zt\th-h 

hLXhh. m 1 W^ftc^l^tim 1 ^® t LTi5!l ttf 
v'J 3 >'^^rfc'o^f*:««i3 1 kXz^^n^^asT 
aJISSBBi:, i^m«:M3 7i:. SI218«i: LT^'f a-a* 
i^^co±a5Sffi3 9i:i&-i'tf. Hlf, 32{SJBISIl^ 

[00291 Tgl5®ffi3 BttHiJCTCflliii&^O^V^i^ 
. [00 30] ^f*J^37{±Ta5^fiLli3 3(CK««r 



•mmmm-i, t # icti. tm a c a i ( c 

H3) 3] , Al (CH3) C 1. AlC l3^i:W;l/5 
iM^^Xt^-'yUz^k. H2O. N2O. NO2. Oa^i: 

<rm(Ji7.^mkLx^m.ii:^X'n-'jy':r^h'^A 
9)v^mmm,^mx%h, w^mwsm}:.\.x 

{iH-flXf^^v— (At om i c Layer E 
Pitaxy) . ^A^^)'y^\t^-m&{cyc 1 i 
c CVD) . T'fxrJ'^Ht^^a (d i g i ta 1 
CVD) . AlCVD^rif#S^«Sffi*fi6ffl-C# 

TajOs. BST (BaSrTi O3) . SrTi 
O3. PbTi03. PZT (PbZr,Tii.,03) . 
PLZT (LatH-ey^§fL^PZT) . Y2O3, 
Ce02, NbzOj. TiOj, ZrOj. Hf Oj. S i 
O2. SiNi3j:yfSi3N4*-(^>:$r|,ffifJ:0MtR$ni. 
1 ^;^v:{i:2feiLh*>^.t8flK$li.l.C t*itf ^ 

[0031 ] ±3^83 9iii^v:iymmx'm^^ti 

r:.TMVMX^mmmi)^±^\^m^X^^^iil. ± 

w Mimut. ^mmt lxha i , n i , go, c 

u\ Mo. Rh, Pd. Sn, Au, Pt, Ru, Ir 
cr>±m. LTtiT i , T i N. T i A 

1 TaN, Ti S i WN. WBN. CoS iX 

iiw<7)^mm. mmmmtLxuRuOi. RhOj 

Xli. A 1 ^j:t'cr)mli^mm. T i N^i:c7)^ilu±aat 
;t {4 R u O 2 5: fc'<7)©«tt|g-fCM t K - e y / 

[0032] Z<DX 0 iZ±^mm 3 9^»Rlilt$r, T 
a5mfig3 3J:0:'c^<-ri>::fcCJ:0, ^fSipt 
Ta5«ffi3 33!)»'o±a5«ffi3 9/^8SiT.I.«gSfi«rii'-^r< 

[ 0 0 3 3 1 $ ^>{I. *f|BBO^^tt:Sli^ttdf 

ia^«5li 3 7<0Jgj£S:^(C-r&$«<bl^ 3 5 ^J^fiS 
tSC:i:**»tL^\ mtf, friBS^ilJ!3 5«II^ 

gi5mfi§3 3±tctt*&$^t«.sief5j*>mtt»®ioii^, 

[0034102 {4*f|HBO^^«t|gi^(0|| 2 iO^JfiJg 
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[0035] :^^mcom2(r>mwMm(r>^fm^ii h 

v-i^y/^Mn^v^ymmeib. rnmrntix 
y-h^mest. m2mmtixy-hwm6 7t 

c 0 0 3 6 3 BP^>. ^mm2(Dmmmm^m 
"T-nm 1 (ommmt mti t.i^v^ ym^e i 
Tumm 3 3 iznm i. y-v-vMei ^^±umm s 9 
izniiitii^i^X'hi, m2x\ ^m^^e2ii^tm 
\^-\^yymmx'h^x. v-xxiiv\^-ymmi:^^ 

[ 0 0 3 7 3 ^r'- hm^me 5iiRm^:m<!K.mi^-t?> 
umx-m^^ii. m^mmmmx-m^-ti ^tmti 
\'\ ^'i'Mmmmi±Mmmtf^hcr,i)iimx'^. 
yj^-^zwssijxtf^-i^yy-ffx t ?r«r<>:«*&-r I.*" 

Tiu^~^mm. T)u^-^j^7mim. Ta 

2O5, BST, SrTiOg. PbTiOs. PZT. P 
LZT. Y2O3. CeOa, NhjOg. TiOj. ZrO 

mx mm^tih 1 *it{i2m:J: m^^nhztui 

[00 38] mMy-hmm6 7{ii^vtiym'sx'm 
^^iitii^v^ymie 1 i f)ti:mmLi}^±^\^mMm 
tutj«$its. mBy-Ymm6Hi.mi<ommmiz 

mh±^mmt mmmim^i^^j:^:i t mt l < , 

AK Ni\ Co. Cu. Mo. Rh, Pd. 
Sn, Au. Pt. Ru. I rffy^M. T i . T i 
N. Ti AIN. TaN, Ti SiN. WN. WBN. 

Cos i tL<ttW<:^lSSi^.^)i^. RUO2. RhOj 

o^***. ttiia-v^y^mt'oiimm^^^^ 

fmrnrntiti-mmx-m^^tit z t mt 

y V y 3 ym(or.mmi}'mf(;>tit , 

[00 3 9] zcoxdizy- hmmeitf^i^u^ymi 

6 1 X 'ommmi}^±^ < ^j:tni. ^m-ti xoizi^v 

[0040] :^m<Dmmf-iii^'j 3 ymme 1 ± 
izmizy- hmme smmmmzt^fzubcD^^ 
me 3. Mmuii^ 0 3 ymm. u 3 y^m 
xiizii(:>m-^mm^^ixx\'^iz}imt u\ 



m {y-hwmm) im-ti>mizt5\,\x. 

izmtii^v^yme Komim^^it^-t&m.^ 

[0041] vj.TX'iimm<7)m.±. ^^^^'^^tsmi 
s^-m 1 <7)mmmi:mt ixmrnmrnma 
ov^Tiswi.**. m2(Dmtmm(^hyy=Jx:!^mm 
mizmmij^x'^:^. bp^. ^^^N-^-^'coTasms 
ith^yi^x^<D>'V:iymnzMf[ii^ ^-vAi^^co 
mwmiy-hmtmizmi. ^r^^i^^<o±m 
nmtYyy>x9<r)y- vnm.iznm-h. 
[Q0A2\m3mfmA\i^^w^^^f<'y^'m 

Hl<^#A-A'i^:?HtaS§ (ba r r i e r heig 

ht) tmmmmt^wm^z^nLtdmx'hh, 
[0043] §.mi^z\,i. m3\,im^<^^^f<i^mm 
<m^Mfmmm^i:^sLt:.mmx'hh. m3mM(7) 

^^rf^i^mkMiiX^m^^:-^X^WY-\: 

yy^ixt:7r^^)i^'}^ymx'm^L. u^mmmm 
\^xmmw-m (>om^<^riv^~'^Ammx'm^ 

Ltz^ (JaT. S I S^A'AV;?t8rri, ) X'hh, 

ymiwmx'hh^MmifiY~\^y'!^^titz^'}'y') a 
yistL. w=?-mmmm^^xi^i>f-^^e okm 
<nr)vt-^jmmt L. mwmtimTwmx 
^mmwt)<±%\^T i nmm^lfzM^ mT. m 
I s^+^N-i^i^tsTri,) xhh. *iiB3<^M I A- 

•ri.cki>-c^, Z(D^\i-WiWY-\^yy^lxtz 

ZtlfX'^h, 

[0044] 03&t^04-C. ±a«fiitjE:^r|pI<:O^N'>f 

Txifim&^fitz^. ym.mz-mEfhm.'i-ii, mi 
u^Si^mm-htzihcmimKmA it. mmm 
i«cosi 2 fitn;fi£4^4 3 ^mkLxkmrn^m 

[0045] bLbX. mAff)^%m<r>^->?f^'y!^{Z^ 

\.^x\ii.^mkizjL^UTxn&mM^iitz^. 

ittht^3%m.-9fA5tLx^mLx. m=}-tnmn, 

10 0 A b\ttz. iMmmf^z^^u Txmmm^i^ 
mi. wmm.hx. htiizxh^AmmAia.. a 
ihif^t. fL^tii±mmi-t:>TmM'^miUz< 
<^i.. miz. mA<^^wn^xf^'y^mmmm 
m3ffymff)^^j^i^^^wmmmhxX*) 
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f^AmmA. 7 a J: < ^rS, 
CO 04 7] mSHmMcOS I S^^/-<i^^RX/:^^m 

[ 0 0 4 8 ] 0 5 {IS^ Lfc J: 3 lz-m^j:^Wmi'X' 

tun. ^^<r>m I s^^^^i^^^am^ffis i s^x^^ 
mmmi}^ i e - ? a/c v $rigx ^m&mo . 

C 0 0 4 9 ] iiO i 0 ^rSm{404&V^6 iZTprtT^ 

m^t±^mMt(^mmm-^iz^-t^. mex\ xw 

a x{4 1 2 5X:T(7)m-mM^Blt:^ J m i n {4 2 

*C0S I S^-v>'NV:J'{41. 4 2eV$rS^L. 2|s|6BJ<'D 
MI Sdr-V^"?i^^'{42. 3 5eV$-S;-r. 

[00 50] Z(7)X0l,zmM(^S I S4r-\'^N°i^^'fc*ll 
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